Disease and non-battle injuries (DNBI) rates have exceeded combat-related injuries in every major U.S. military operation. Medical resource planning for combat operations, therefore, requires reliable projections of the expected DNBI patient flow from the initial treatment facility on the battlefield, through intermediate care facilities, to hospitals in the continental United States.
Introduction
Forecasting of wartime medical requirements depends on the reliable estimates of both the casualty rate and the percentage of hospitalized patients who will require subsequent movement to and treatment at facilities offering advanced levels of care. While the main focus of medical commands during conflict is typically on the care and treatment of patients wounded in battle, records indicate that the occurrence of disease and non-battle injuries (DNBI) has always exceeded combat-related injuries in every major U.S. military operation.
1,2 Moreover, DNBI casualties will occur regardless of the tempo of military operations. Thus, accurate projections of the DNBI rates becomes a key component of proper resource planning. In addition, determining the specific types of injuries and diseases expected to be seen at the various levels of care and ascertaining the required personnel and medical resources associated with each disease or injury category is essential to placing the appropriate medical resources to best meet operational demands.
Recent studies have examined the rates of wounded in action (WIA) and DNBI occurrence for previous combat operations. 3 " 6 Forecasting tools have been developed to estimate medical admissions under scenarios with different adversaries and under varying geographical conditions. 7 The objective of this paper is to analyze the rates and types of DNBI seen through a multi-echelon care system during a protracted conflict. Specifically, the flow of U.S. Marine Corps DNBI will be examined through the system of medical care in place during the Vietnam
War. The number of hospital admissions to facilities in the combat theater will be computed.
Then, the percentages of admissions that required treatment at each higher echelon will be ascertained to determine the inter-echelon flow rates. Differences in the patient flow for the leading categories of DNBI conditions will also be examined.
The Echelon System of Care
Medical treatment of casualties among combat and support personnel has traditionally been provided at five different levels or echelons of care. Echelon I facilities typically have been unit corpsmen or battalion aid stations. Medical personnel perform first aid and emergency care, control blood loss and shock, and administer antibiotics at these types of facilities. 9 Transfers from non-Navy facilities represented 4.1% of the DNBI hospitalizations entering the Navy treatment system at the Echelon II or III level. The levels of treatment required of all patients who reached a Navy Echelon II or III facility (n=73,100) and the contrasting levels of care needed by patients with different types of DNBI injuries are the major focus of this study. Tables 1 and 2 summarize the inter-echelon patient flow for Marines with DNBIs whose initial hospitalization occurred at an Echelon II and m facility, respectively. Table 1 shows the flow of the 43,076 DNBI hospitalizations, out of a total of 73,100, that were initially hospitalized at an Echelon II facility. This table presents the number of patients that were seen at each echelon of care during their course of treatment, and the echelon level to which they were subsequently moved. Of the total 43,076 DNBI hospitalizations that commenced at an Echelon E facility, 3,366 of the patients were received at an Echelon IV facility. Of these 3,366 patients, more than half did not have a recorded treatment beyond Echelon IV, with the remainder of these patients (42.8%)
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were seen at an Echelon V facility. Of the initial 43,076 Echelon H hospitalizations, 71.8% of the patients had no further treatment recorded beyond Echelon II, while 8.6% were eventually seen at an Echelon V facility.
Similar in format to Table 1, Table 2 depicts the DNBI hospitalizations that began at an Echelon m facility. More than 75% of these admissions recorded no further treatment at any other echelons. Ofthose patients initiating at an Echelon HI facility, 4,575 (15.2%) were eventually seen at an Echelon V facility. Table 3 summarizes the information from Tables 1 and 2 . It presents the percentage of DNBI patients who were received at each echelon of care, both for those who began their hospitalization at an Echelon II facility and those who began at Echelon III. For example, 7.8% of those patients initiating treatment at an Echelon II facility were seen at some point at an Echelon IV facility, while 11.0% of all DNBI hospitalizations were seen at an Echelon IV facility. A more detailed description of the various patient flows for all 73,100 DNBI hospitalizations is displayed in Table 4 . The most frequently occurring patient flow was being seen at an Echelon II facility without any additional treatment recorded at higher echelons, while being seen at Echelon HI with no further treatment recorded was the next most frequent patient flow. These two were followed by the patient flow of initial admission at Echelon II and subsequent movement to an Echelon IH facility with no record of any further treatment. Only 17.1 % of all the DNBI hospitalizations required treatment at Echelon IV or Echelon V. 
Intra-Echelon Patient Movement
The intra-echelon flow, or movement between facilities at the same echelon level of care, is summarized in Table 5 . For instance, 412 DNBI patients were moved one time from an Echelon II facility to another Echelon II facility without any intervening movement to another echelon level. There were 33 cases of two such movements between Echelon II facilities. Of the 73,100 total DNBI hospitalizations, 2,380 cases (3.3%) showed intra-echelon movement. The vast majority of these cases involved only one move at the same echelon level before moving to another echelon level or returning to duty. However, an additional 94 cases of patients had two or more moves at the same echelon level before they were discharged or moved to another level of care. Altogether, there were a total of 2,484 intra-echelon movements, with most of these occurring at Echelon m (72.4%), followed by Echelon II (19.7%).
Results by Diagnostic Category
Certain types of diseases and injuries are more resource-intensive than others and may require a higher level of care. One key question for planners is how closely a projected mix of DNBI diagnoses will match the experience in Vietnam. The remainder of this report will present the distribution of the primary diagnostic categories for the DNBI casualties and display the patient flows for the most prominent categories for the Marines in Vietnam. There was a fairly wide dispersion of diseases and injuries over the various diagnostic classifications. The most common diagnosis was infective and parasitic diseases at 22.2%, closely followed by accidents, poisonings and violence at 20.8%. Symptoms and ill-defined diagnoses came next, followed by skin and subcutaneous tissue diseases and digestive system disorders. Behavioral and mental disorders accounted for 4.0% of the DNBI hospitalizations.
The most common secondary diagnostic types were symptoms and ill-defined conditions along with infective and parasitic diseases. Table 7 shows the most frequently occurring patient flows for those in the five most common primary diagnostic categories. All five categories show a substantial number of patients recording no further treatment beyond their initial echelon level of admission. In fact, the only one of the five categories with fewer than 69% of such patients is the ill-defined symptoms category, and this was due in part to one quarter of the ill-defined symptoms group moving from an Echelon II to an Echelon m facility before treatment was completed. The diagnostic group most likely to move to an Echelon TV or Echelon V facility was accidents, poisonings and violence. Of the patients with a primary diagnosis of accidents, poisonings and violence, 60.3% were seen at some point at Echelon II facilities, 46.2% at Echelon m facilities, 15.6% at Echelon IV, and 17.9% at Echelon V facilities. The percentages in each group add up to over 100% since many patients were seen at more than one echelon.
The ill-defined symptoms group was most likely to have been treated at an Echelon H facility, while the infective and parasitic group was most likely to have been seen at an Echelon m facility during the course of treatment. Outside of the category of accidents, poisonings and violence, fewer than 10% of the patients in these prominent DNBI diagnostic groups were seen at an Echelon IV facility, and fewer than 8% were seen at an Echelon V facility. violence. More than one third of the patients seen at either Echelon IV and V facilities were in the "Others" category. The most common diagnostic categories for patients in the "Others" group for both Echelons IV and V were nervous system and sense organ diseases and disorders, mental and behavioral disorders and musculoskeletal system diseases. 10 Comparisons of these patient flows, as shown in Table 10 , indicate that a much higher percentage of the WIA patients received treatment at Echelon IV and V facilities than did their DNBI counterparts.
As seen in Table 10 , approximately as many Marine patients were treated at Echelon II facilities as at Echelon III facilities, and this held true for both WIA and DNBI patients.
However, WIA patients were more than twice as likely to need treatment at facilities outside of
Vietnam, particularly at the Echelon V level. A total of 45.7% of the WIA patients eventually left
Vietnam for treatment. In contrast, 17.1% of DNBI patients eventually required treatment outside of Vietnam. WIA patients also had more intra-echelon trips (4.9% of the total hospitalizations vs.
3.3% for the DNBI patients) and were more likely to require further treatment beyond the initial echelon of hospitalized care (50.3% vs. 26.4% for the DNBI group). 
Conclusion
Reliable projections of the types and numbers of diseases and non-battle injuries likely to be sustained in a military operation is essential to determining the medical resources needed to support that combat operation. The present investigation provided information on the extent and movement of the DNBI hospital admissions sustained during the Vietnam conflict, and it examined the patient flow to different echelons of care, both overall and for the most prevalent diagnostic groupings.
Approximately three fourths of all DNBI patients had no further treatment recorded beyond their initial echelon of hospitalized care. This held both for those who began their hospitalization at an Echelon II facility (71.8%) and for those initially admitted to an Echelon III facility (76.1%). Almost one ninth of DNBI admissions were eventually seen at Echelon IV facilities (11.0%), while a similar percentage were eventually seen at Echelon V facilities (11.4%).
Using empirical data from previous combat operations will allow medical planners to more accurately access the medical needs of future military operations. By combining data detailing expected patient flow during a combat scenario with evacuation policies and anticipated treatment lengths, the volume and optimal placement of medical personnel and equipment may be most reliably projected.
